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TOMATO AMTHRACHOSES 
INTRODUCTION 

The anthracnose diseases of the tomato are confined 
largely to the fruit, and are coanmonly knovm as "rip© rot" or 
"fruit rot". Rolfs (I5) reported the disease eaused by Colle- 
totriohtaaa lyooperaieJ as producing a leaf and stem spot* His 
conolusions as to the cause of the leaf and stem spot were, no 
dopht, too hasty, as this is the only case in which leaf and 
stem injury of the tomato have been reported as being due to 
either of the anthracnose producing organisms* Th© writer has 
found in his investigations that one of these organisms, Oloeo- 
sporiiam phomoides will attack young seedlings just at and after 
the germination stage, but he has never been able to produce 
the disease on older plants* The most serious injury, however, 
is the decay of the ripe fruit* 

The term "anthracnose" is a term applied to the dis- 
ease and should not bear any relation to the causal organism* 
There is, however, a tendency to associate the term with certain 
conidial forms of the family Melanconlaceae , especially Gloeo- 
sporium and Colletotrichum* The term has been restricted to 
some extent to the disease caused by members of this family and 
closely related forms; still there is no reason why it should 
not be applied to any disease characterised by a perceptible 
shrinkage of tissue* 

The cause of tomato anthracnose has been attributed 
by various investigators to two different organisms, namely, 
Gloeosporium phomoides Sacc* and Colletotrlchum lycopersiei 
Ches* In I893 Chester (ij.) concluded that there was only one 



organism oausing the disease and that It was a Colletotrl©hum# 
p*2 He retained the old speoles name of Saceardo and called the 

fungus Qolletotrlchxun phomoldea Saco* The work of later inves- 
tigators (Hj., 17 and 18) still indicate that there are two or- 
ganisms oausing the anthracnose disease of tomatoes as was men- 
tioned atoov^. Practically the only difference between the two 
organisms is the production of setae by Colletotrichism, Chester 
ik) claims that with age and proper conditions the Gloeosporium 
will produee setae and become a Oolletotriohum. Stoneman (I8) 
and Pool (llj.) say that setae are not altimys present on the 
Colletotrichum, These conditions probably led Chester to con- 
clude as he did. Stoneman (I7 and 18) published on both 
Gloeoeporiiam phomoides and Colletotriohtam lycopersiei » The 
organism with which the writer has been working is clearly a 
Gloeosporitm* His work seems to ocmfim the conclusions of 
St(meman« that there are two organisms causing the disease. 
In addition to these he has fotmd a species of Melanconlum whidi 
produces an anthracnose of tomato fruits* 

The writer has had opportunity to study only Gloeos- 
porium and Melanconlum and will confine most of his discussicm 
to these two. In order to clear up the distinction between 
Gloeosporium and Oolletotrichum a discussion of the important 
literature dealing with the causal organism of this type of an- 
thracnose will be t&k&n up in this paper under the subject* 
Gloeospoiaum phoanoides > etc. 

In addition to discussing the literature, the purpose 



of this article Is to give a complete record of the advanced 
work don© on Gloeosporlura and to record the work and observa- 
tions up to the present on Melanconlum. The additional work on 
p. 3 G-loeosporliim is ocaioemed largely with a study of cultural char- 
aoterlstlcs, temperature relations to spore germination and 
growth, nutrition, mode of Infection, relation of parasite to 
host, and the relaticai of host seed to dissemination. The dls» 
cuBslon of Melaaconlum will he confined, for the most part, to 
the description. Infection, and possible means of control. Other 
factors will, however, be given some consideration. 

GLOBOSPORIUM COMPARED WITH COLLETOTRICHUM i 

1, Distr ibution and econamlc importanee of the disease 
The disease is widely distributed throughout the United 
States* It has been reported In Massachusetts, Hew York, 
Hew Jersey, Delaware, Indiana, Louisiana, and Florida. Reports 
have also ccmB from Italy, France and New South Wales. In most 
eases the disease has been considered of minor importance eoon- 
canleally. Halsted (12) claims that the disease is of minor Im- 
portance In New Jersey, not being as common as black mold. Rolfs 
(13) reports considerable damage to tomatoes and eggplants in 
Florida in 1905» This damage was, no doubt, not all due to this 
disease as he reports considerable damage to leaves and stems. 
Bdgerton (8) says that the disease Is of very little importance 
in Louisiana. Diseased f raits were obtained from Ralph Kemp, 
Tipton, Indiana, who makes the following statement; ''As this dis- 
ease In inoreaslng in economic importanee in this section, we 
will probably be forced to use control measures in the future". 



It Is possible that the disease will become more destructive in 
other seotiona where weather conditions are suitable. 

?• Symptoma 
Tomato fruits with anthraonoa© produced by Qloeosporium 
P*^ Phcwoidea are char&cterlaed by deproasod or sunken areas whloh 
vary in size froa very small to one or more centimeters in dlaa^ 
eter and in some oases involve almost the entire fruit. There 
may be one or more of these areas on a fruit and they may beocsae 
confluent 41 which is ustmlly true when the larger part of a fruit 
Is involved* The depressed areas are more or less circular, 
spreading from a common center of infection. They vary in 
color from light or yellowish^brown to almost black, becoming 
darker with age. In the earlier stages the central portion 
of the spot is somewhat llf;ht©r in color than the surrounding 
area, Beaieath this light colored area is a dry mass of white 
mycelium of the fungus. At this state of development small 
yellowish spots can be seen beneath the epidermis of the dis«> 
eased area about midway between the center and margin of the 
infection. These spots gradually become darker and push out- 
wardjf producing the black, ©rumpent fruiting bodies or acervul; 
Soaie of these fruiting bodies break through the epidermiat 
eausing a roughening of the surface, and producing spores which 
may show a slight pinkish tinge when in mass. Some of the 
fruiting bodies remain beneath the epidermis of the fruit and 
sometimes deeper in the tissues. The aoervuli, as a rule, have 
no definite arrangement, althou^ they may. In cases, be so 
arranged as to give indications of concentric rings. In the 
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later stages ©racking of the dlaease areas opena the way for 
seeondapy Infection by saprophytic organisms which cause a 
rapid decay of the fruit. The disease spreads faster in most 
oases from Inoculations aiade by puncture than from natural 
infections. In the formeT case there is not so smch shrinkage 
p,5 of tissue but more of a water soaked appearance of the 
affected area. 

When carried cwa the seed the fungus will attack the young j 
seedlings Just as they ©taerge from the seeds, causing a / 
darkening and decay of the seedlings very much like the 
ordinary damping off fungi. The leaves of the young seedlings 
show dark brown spots before the seedlings completely succumb 
to the disease* Blossoms of the tomato^ when infected arti*» 
ficially, wither, the pistil derkoas, and they decay, 

Stoneman (17) describes the anthracnose of tomato 
fruits caused by Gloeosporlum phomoides as follows j "An 
anthi^cnose causing a ripe rot of the tomato is manifested 
at first by a small, circular, depressed area. Older spots 
show a lighter central portion surrounded by a dark marginal 
band 2 to 5 cm, in diameter. Upon the central portion the 
dark colored fruiting pustules appear, producing Irregulajp 
fissures in the epidermis, which often turn a llj^t yellow 
on the margins, Prcw the pustules the conidla ooze out in 
light pink masses. With age the diseased portions become 
quite black", 

Chester (H) idflio was the first investigator to attribute 
the disease to a Collet otrichum describes the symptoms as 



follows: ""itoe disease shows Itself upon the tomato as 
sunken^ Olsoolored spots, each with a dark: ©enter, becoming 
blaek. These spots increase in aiae or by a confluence cover 
a large portion of itthe decaying fruit ♦ Over this area the 
fruit is blade and sunken, flatte»»«€ or depressed, surrounded 
by shrunken, corrugated, discolored skin*. This description 
of the symptoms of Oolletotrlchuia differs considerably from 
p,6 the symptoias of Qloeosporiim as given by Stoneman* 

Pool ilk) sa'v* th© following description of the syraptoas 
of OOlletotrichum lyoopersloi Chester? "The diseased spots 
laay vary from small sunken « smooth areas, scnetimes darker 
in color than the surrounding healthy tissue, again yellow 
and dotted with the small fruit masses or acervuli of the 
fungua, to large roughened areas, brown to almost black, 
covering an entire side of the fruit. A great many of the 
older spots have a characteristic which is very noticeable, 
that is the sonation rings. In such a concentrically arranged 
spot the acervuli will be sussed together in circles, while 
a portion of firmer tissue with no external evidence of dis- 
ease intervenes* Fruits in the light developed the rings while 
those in the dark did not. The acervuli are found only after 
the growth has continued for some time." 

For the anthimonose cavised by Colletotrichtaa l yoo persioi 
Rolfs (15) gives the following as symptoms $ "The disease 
appears as small brown spots on the stems and leaves. Under 
favorable conditions these spots enlarge and the greater 
portion of the leaves may become involved. On the fruit it 



forma simken, discolored spots eaoh with a dark ©enter. As 
the spots Incroaae in slae th© area is blackened and de- 
pressed* surrounded hy sunken and depressed skin". This 
description of the fruit spot seems to be fairly character* 
istio of the disease as described by other investicators, 
but the stem and leaf spot have in no other case been 
reported as being caused by this organism and were, no 
doubt, caused by an entirely different organism. 

There seeas to be a dlfferonoe, as given in 
literature, between the sysaptoms of tomato anthracnoa© 
p»7 caused by Gloeosporixim and that caused by Oolletotrichum, 
Stoneraan (I7) laakes no mention of zona ti on rings formed by 
the aarer^ruli of Gloeosporliaa, as described by Pool (l4) for 
Colletotrichum, In the author *3 own observations of Gloeo- 
sporium no visible donation occurred on fruits tliat could be 
considered characteristic . 

35. History of th© disease and its cause 

The literature relating to the disease and its cause 
has been appearing quite often for a number of years, and is 
fairly well divided between Gloeosporium and Collctotriohum* 

Saceardo (I6) described Gloeosporiuta phomoides as 
producing ripe rot of tomatoes in Italy in I878. 

In 188^1. Arthur (1) reported a fungus as causing 
ripe rot of tomatoes in ITew York. The fungus, he claims, 
develops Just beneath the epidermis or skin of the fruit, and 
soon break» through it and produces great mambers of spores 
on the ends of the protruding myoeliiam. He compared th© 
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organism to Gloeosporlum iibiomoldeB Saco. 

In 1891 Chester (2) reported the ooourrenoe of 
tomato anthraonose In Delaware, He foimd the organism to be 
a Collototriehwia and gave It the najme Colletotrlchmn 
Xycoperslel f believing it toi be a new speolea* In I892 he (5) 
says* ''I was particularly struek by Its entire absence, but 
in its plaoe and equally ooiiamon was another form of the 
disease. The fungus which In I89I was clearly a Oolletotrichum 
from the abundant development of setae was in I892 without 
setae, and was to all appearance a Gloeosporium. In comparison 
of the two fozwB, leaving out the question of absence of setae, 
no definable difference can be stated. The spore meastirements 
p«8 vary within the same limits, and other characters are quite 
identical'*. In I893 he (4) says, "In the case of tomatoes 
artificially infected in the laboratory with spores of 
Gloeosporium phomoides , a good growth resulted, consisting 
at first CKRly of conldia, a pin!Ed.sh stroma without setae, 
but which afterwards turned darker and developed perfect setae. 
From this I have no further reason to doubt but that the 
Colletotrichuia lycopersiel of I89I is Identical with the ^.y 
Gloeosporium phcaaoides of Saccardo, In which case the new / 
name becomes Colletotrichum phomoldea Sacc," 

Cobb (5) described a "pimply rot" of the tomato in 
Hew South Wales in 1895» ^® syaqptoms as given by Cobb and 
his plate showing the diseased fruit agree with Colletotrlchum 
fairly well, but his spore measurements and drawings do not 
agree. His spore outlines Illustrate very well the oil droplets 



which are so abundant in the mycelitaa and peritheeial bodies 
of Glo^oaporiiaB phomoidea . 

Halsted (11 and 12) ropopt«d GloeoaporJiaa phoanoldea 
as eauslng ripe rot of tomatoes in New Jersey in 1395 and I&9S, 
In 1903 he (13) again reported the disease and attributed the 
oause to Colletotrichuai phcaaoides « 

Stoneman {17 and I8) in I898 concluded that there 
were two different organiwas causing anthracnose of tomatoes « 
and described them separately as Gloeosporium phcmoides Saoe* 
and Colletotriehua lyeopersioi Ches. She makes a distinoticm 
between the symptoms of the disease |»*oduced by the organisms 
and also between their colony characteristics in culture* 
Gloeosporium lAtpmoides ^ she says, "forma a well developed 
eup*Bhaped stroma, lying some distance beneath the epidermic 
p»9 fi*om which the short continuous basidia arise. They do not 

project beyond the host, but the oonidia are delimited beneaftii 
the epidermis. The aeervuli seldom become confluent. The aoer- 
vuH in the case of Oolletotriehum lycopeysiei were more 
erump<mt, rusty brown or black and produced black peritheeial . 
bodies which were sterile. Setae were either present or 
absent". 

Gueguen (10) in 1902 reported the occurrence of both 
Gloeosporitxm and Colletotriohum <m the tomato in France. He 
says that Gloeosporium idiomoides seems to be identical with 
Sphaeronema lyeopersicJ a as it is a pyenidial form. His work 
indicates that the Gloeosporium causing the tomato anthracnose 
does not belong to the Glomerella type of anthracnosea. He seems 
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to have mistaken the peritheoial bodies for pyonidia. 

Rolfs (15) in 1905 says that Colletotriehia» 
Xyeopersioi caused finiit rot of tomato and ©gg plant In 
Florida* This is the only case reported of the tm.&x» 
occurring on a host other than the tonato* He also 
reported serious stem and leaf injury to the tomato* 

Mgertcn {7} in I908 and Edgerton and Moroland 
(8) in 1913 report the occurrence of tomato anthracnoae 
in Louisiana and attribute its cause to Qloeosporium 
fruoti^enma i, believing it to be identical with the 
Gloeosporium of the apple* 

In 1908 Fool (ll^) did considerable work with 
tomato anthraonoae caused by Oolletotriehum lycopersioi . 
She agrees with Stcmesian in tiiat there are two different 
organisms causing the disease* She says^ "Confusion seems 
to have existed as to the proper naming of the anthraonoses . 
However^ conclusions drawn from these previous investigations 
p*10 point to the occurrence of two anthraonoses upon the tomato, 
one produced by Gloeosporium idaomoides Saec* and one by 
Golletotriehuai lycopersioi {Sbies* The former is character* 
iKed by an imbedded acervulus without setae « while the 
latter forms an erumpent acervulus with or without setae** * 

The latest report of the disease available was by 
Ralph Ksaa^ of Indiana in Oct* 19l4» Specimens of diseased 
fruits were obtained from Kemp for investi®Biti<m» The causal 
organism has proved to be a Gloeosporitan* This is a further 
indication that the Oloeosporiiaoa causing tomato anthracnose 
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is distinct from the Oolletotrlohua oauslng a similar die* 
eaae* 

k* Tiie causal orKanigm ^ Gloeoapori'um phoraoidea Saoc* 
Deaoripti@a of the fimgag 
The fungus I0 charaolierised hf a branching, closely 
septate » colorless mycelium which contains an abundance of 
oil droplets. There are two general types of mycelial fibers, 
one which is rather tmiforai in diameter, contains few oil 
droplets and is considerably smaller than the other type 
which is irregular in diameter, contains nuraerons oil drop* 
lets, and Is more closely septate than the smaller type* 
Oonidia are borne singly by the pinching off of the ends ^~7 
of the fruiting hyphae which are massed together in an 
acervulus. These fruiting hyphae are short and erect, 
arising from a well developed basal stroma* Conidia are 
produced indiscriminately throughout the diseased tissues 
in the early stages, the acervuli being produced later. 
Gmiidia from diseased fruits measure 5 ^o 3 3c 8 to 18 microns, 
the average being k- x 12^^ microns. They are more commonly 
oblong with a slight constriction in the middle and ccaatain 
■p»'l% two vacuoles, one at each end* They are hyaline, slightly 
pointed at the proximal end, giving the spore a sc^tiewhat 
clavate foim, Uhder favorable conditions the myceliiim grows 
in compact iimssea which become black in from one to three 
days after they begin to fox^. The cells of the s^rcelium 
within tikiese bodies round up and their walls become thick 
and black* These blackened bodies are filled with oil 
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Oroplets, When the Individual cells of th© aiyocliiaa begin 
to round up there la a rapid concentration of oil droplets 
within thoBi, These bodies very ©loaely resembl© perltheoia 
in outward appearance but have never been found to produce 
asci or apores of any kind* At hi@h tempera tuxHSS and in 
liquid media ehlamydosporea are produoed in abundance by 
the roxmdlng up and thickening of the walls of t^e siyeelial 
cells. 'Hiese ehlara^ospores have a greater diameter than the 
Myeelium from which they were pr(»dueed» 

!rhe original d esoription of Gloeosporiuai phomoides 
by Saooardo (l6) is as follows j ^'Conidia oblong, clavate, 
abruptly attenuate, apices rounded, 2*5 to $ x 10 to 12|i^ 
biguttulate, hyaline, basidia fasciculate, l,^ x. 20 to 21|i., 
hyaline • 

Stoueman (17) sS-ys; "The spores loay be as large as 

5 to 6 X l8.5ti. In shape they may be oblong, elliptieal, 

fusoid or reinfoinai and soiaetiines curved* The eonidia 

ge3?»iinate readily, fre<^ently becoming once septate* The 

colonies show the dense, elongated y«shaped, or stellate 

center* With age the roseate tinge of the colony is less 

Biarked* Btie mycelium is nearly or quite white until a 

stroma begins to develop* "Bxis usually makes it appearance 

in a circle about mld«way between the center and the margin* 
when the colony is from six to nine days old." 

p»12 Since Oloeosporium and Golletotrlchum of the tomato 

are so nearly alike in general, it will probably be better 

to give the description of Colletotrichuai lyoopersioi froan 
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literature as this will help to clear up the distinction 
between the two. 

Chefitor (2) gave the following desci^lptlon of O^lle- 
totriehiM lycopersici g "The fruiting bodies conaist of 
numerous spore bearing threads (basldia) with which are 
associated X<mg bristle like organ© (setae). Ih© basidia 
are at ftot grouped in erumpent tufta (acervuli) arising 
beneath the cuticle and rupturing the same, but by confluence 
these distinct acervuli become obliterated and a uniform 
etroBja covers the black center. The spores are borne upon 
£uid produced by the constrictions of the basidia, 

^e acervuli are abundant, densely gregarious, 
rusty brown to black, applanate, 95 ^0 I^Oja 1» diameter. 
Setae abundant, fuliginous, generally cur^edf rarely un» 
dulate or straiglit, often geniculate,^ in places gradually 
tapering, septate, length 65 ^ 112|j„ Spores obltmg, 
16 to 22 X k'V'i averaging I8 to 20 x kv-* Ends sub-acute, 
hyaline, generally containing two or three oil droplets 
which stain brown with oemic acid. Basidia short, slender, 
$0 to ij-On, arising froza a well developed strosia." 

Stoneman (18) adds the following to Cheater's 
descriptions "There is a scant develo|anent of deciaabent, 
spreading uaycellum, with a strong tendency to concentric 
markings in the growth, where the layceliim is more erect 
and in tufts, surrounding black, spherical perithecia*iike 
bodies which produce long setae. These, so far as has yet 
p*15 been determined, are sterile* The oonidia formed freely 
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on the iBycellvuM do not mass up in large heaps, Tovirai»d tho 
roapgln, clust©3?s of knotted and swollen ^Iyc©li^Ha ar© formed 
bearing qiaantltlea of dark colored buds or geimmae. l^heeo 
are close together* but are more or leas dlstinot"* 

Pool (ll|) gives the following deseriptlcm for 
C olletotriehuffli lyoopersioi 8 "Ki© conidia measure 10 to 
18 X 2«5 to 5»5^i' iR*lch is scanenrtiat less than that given in 
the original d©sorlpti<m» Under natural conditions, an 
examination of the tie sue of an anthracnose spot which lias 
not yet produced aoervuli ehowa an abundant production of 
prliaary spores , -Bfeich are formed in t he same aaniaer as that 
of the conidia in culture. As the spots become older« pink 
acervull may be formed. These invariably consist of parallel 
arranged fungus tissue whose hyphal ends bear the setae, 
and surrounding spo3?es, which are identical in size and 
appearance with the primary spores. As these acervull 
become older, the central portion of the ftmgue tissue turns 
ll^Jc, IMs continues until the entire acervulus is one 
blackened heap. The setae apparently break or fall off, as 
little or no evidence was found of their previous existence. 
The conidia also disappear, falling upon the surrounding 
tibssue or scattering elsewhere. The sjdierieal, dark 
aggregaticais are identical with those produced in artificial 
culture ♦ Thej germinate readily, producing a vigorous 
growth when placed under favorable conditions. 

The appresaoria as foiand in this species are oval 
bodlea, smooth in outline or with knob-like projections. 
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dark brown and contain a few large oil drops. Thej are In- 
p.ll|. variably the flret objects to come into focus when a hanging 
drop preparat5.an la examined. Certain hyphae seem to grow 
up toward the coverglass and when it is r©aoheA|i through 
mechanical stiinulus or otherwise, the attachment organs are 
f onaed*' • 

l aolation of the fungus 

Tw^ isolation methods were used, these being the 
more coaimon methode of spore dilution and fragment cultures. 
Spore dilutions were made in tubes of sterile water and a 
few drops were placed on sterile potato agar poured in petri 
dishes. Diseased fruits were sterilized on the atirface and 
fragments cut from the diseased tissue were placed In dishes 
of potato agar. As soon as growth began transfers were laade 
to tubes of agar. 

Cultural charaoteristioB 

The fungus presents different character* In color « 
growth, and fruiting on the different culture laedla. These 
variatlcms are^p no doubt ^ due to the different nutrient 
elements and the difference in proportion and c<Mabination 
of these elements in the various media. Some of the media 
contain the more important elements in a readily available 
form, so that the fungus grows very vigorously, while other 
media seem to have less of the necessary available food 
materials. I^e difference in consistency of the media may 
determine |> to some extent, the characters of the fungus. 
A number of the more commosnly used media were employed for 
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the growth of this fungus, and the following ar© the moat 
noticeable oharaotera on each medium:* 

On tomato agar. Tub©© oulturea showM a whit® myeelial 
growth on© day after inooulation. On the sooond day the oentral 
portion of tlie growth was slightly pinkleh and oonidla were 
p*15 toeing produced. Pour days after inoculation, black perltheoial 
bodies were present and the an^oelitm was beginning to dis- 
appear. After three weeks there were no visible signs of 
mycelium, only the black peritheoial bodies remained* 

On plates of tomato aga r the growth was very 
adherentiio the medium, and in cases showed vexy characteristic 
rings of growth. Pew perithecia were produced^ these being 
in somewhat concentric rings. The mycelium remained almost 
white, with a slight tinge of ®moky»feray or pink. In both 
oases a 2 per cent agar in s troag tomato deeocticm was used. 

On oat aga.r (+5) S^fowth was rapid. In four days 
it appeared deep pink in color with white border, and conidia 
were produced in abundance. After six days pexdtheoia 
appeared. These black peritheoial bodies were larger and 
more superficial than those porduced on tomato agar. The 
most rapid growth of the fungus was on this medium. 

On (-30) beef broth agar growth continued slowly 
for more than a month when a few small, brown peritheoial 
bodie^^ere produced. The growth adhered very smoothly to 
the medium. (Kie myoelitaa was at first white, but later 
turned a yellowish brown. 

tto Slwla pS .PffitfftM, M^X (2 per cent) the myceUal 
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growth was about the same as on toiaato agax>« but ther« was 
considerably less perlthecial formation. The color was 
whiter than th© color of the Biycellum on tomato agar. 

There was a very rapid growth of pinkish atyceliuia 
on cooked « sterile green bean poda four days after inoculation. 
p«l6 The mycelial growth was very superficial w ith a white margin. 
Perlthecia were being produced. After twelve days, the entire 
pods were covered with black perithecial bodies .Cn examination 
an abundance of conidla and chlamydospores were found. The 
perithecial bodies later became confluent « forming a black 
crust'llke siass. A white mycelial growth appeared above 
this mass giving it a frosty tinge. 

On cook ed tomato stqats the characters were about 
the same as on cooked bean pod» (green) , except that there 
was not such an abundant perithecial development. The perl- 
thecia did not become confluent. Conidla were fewer than on 
bean pods. 

Tube oulttures caa 2 per cent plain a^ar slants grew 
very slowly. The ayoelium remained white and only a very few 
perithecial bodies were produced. Perithecial production be- 
gan two days later than on tosmto and oat agar. 

On tube slants of synthetic af^r (2 per cent) the 
fungus grew fairly rapidly. The Mycelium urns entirely super- 
ficial and at first white « but it assumed a pinkish or 
roseate tinge after five days of growth. After nine days 
the eolcoiles were gray In the center with pink margins. The 
surface of the culture medium was becoming dark and crumpled. 
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Twenty three daya after inoculation th© layoeliuai was piling 
up in the center of th© colony and was of a dark smoky gray 
color in that area. a?h© margins were still pink* Peritheeial 
bodies were being produoed« but were almost flat. They finally 
became confluent » producing a roughs black atrcomtic mass. 
After the peritheolal bodies were beginning to form yellowish 
aliaost translucent droplets of oonidia were extruded froa th© 
p.l7 cultures in abundance* Two forms of Gloeosporitua fron th© 
apple were carried in oultur© on this medium under th© Sfiis 
conditions but presented quite different characteristics. 

On com meal agar (1»5 pe:^ cent) growth was vigorous, 
The mycelium had a fluffy appearance* It was a grayish pink 
in early stages but became grayi shagreen to a dirty green in 
sixteen days. The surface of the medium was also of a 
gr©enish*blaok at ttiis time* Perithecial bodies were 
produced in abundance # and w®r© mor® irregular and lars©:p 
in siae then those on toiaato ^gar. The perithecial bodies 
on all media first appear as brownish or pinkish masses of 
mycelium. 

Ho descriptions have been recorded in literature 
of the cultural characteristics of aioeosporium» but con- 
siderable results are given for Oolletotrichum^ some of 
which it might be worth while to m®atio«, since they are 
practically identical with Oloeosporium in many respeots* 

Pool (li|.) describes Coll© tot riohum as follows «• 
*Upoa artificial oultur© media, young colonies ar© white 
to pink in color* Later th© colcxiy commences to turn dark 
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at and around the central or older portioat* The cells en- 
large two or three times their usual diameter, heooiae more 
or less spherical in shape, form many vacuoles, and take on 
a dark brown color* Pew, if any, conldla are found in this 
darkened porticm, although they occur abundantly near the 
edge of the col<my where the new growth continues. As the 
darkened masses are developed, the conidlal formation ceases* 
The spores, which have been produced, germinate and grow 
into a new mycelium* ®ie latter, due to the lack of 
p«X6 nutrition, does not produce spores a second time* The black- 
ened areas heap up ion til they are more or less clerical 
and somewhat confluent* They are sterile and may or may not 
produce setae* At times, especially in freshly isolated 
cultures pinkish heaps precede the formation of the black 
aggregations* They seem to be the typical acervull with 
setae and spores"* 

Pool (ll^.) ^ve the following descriptions of 
Colletotrichum on Individual medial 

"SSffilSLBSK* Cultures one week old. Growth heavy, 
eompaet, membrane like, pink, with an ab\mdant production of 
spores* Later, growth roughened with the black masses of 
acervull scattered over the surface. 

Stewed tomato * At first, mycelial growth clinging 
to the surface of medium, brownish, pink* later, surface 
blackened with masses of acervull. 

pxpee per cent glucose agar (+3£))* The fungus pre- 
sents the same appearance as upon tomato agar* 
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Govn meal » At first jayeellum gi^aTisli green, not 
membranouf , but rising sli|^tly above the medlurai colony 
6dg09 plnk» shading Into white. Later when mycelial growth 
is carefully scraped away the characteristic small heaps or 
aoervuli loay be seen next to the medium« 

Potato, Myeeliuatt pink# edged with white and cover- 
ing Biediim closely* Acervuli next medium hidden by the 
filamentous growth* 

Parrot . Growth resenibling that upon the potato. 

Banana . Mycelium at first fluffy, later, in month 
old culture, mediiua shrunken, black, covered with a rou^iened 
heap of acervuli"* 
p*19 Stoneman (18) described the characters of Oolle* 

totrlciium on bean stems as follows i ''Very little mycellUM 
is developed, but the stems are plentifully covered with 
black spherical or hemispherical pustules which bear long 
setae. In sooie of these bodies setae are absent* The bodies 
are sterile". 

These desorip Ttions as givem by Pool and Stoneman 
fit the characteristics of Gloeosporium fairly well, leaving 
out of ccmsideration the development of setae which is 
entirely absent in Gloeosporium. The writer found quite 
often in old cultures that the conidia had largely dis- 
appeared. This was, no doubt, due to their germinating as 
Pool says* This was especially true in li<|uid media (to 
be given later) where the spores were found germinating. 
Germinating spores were also found in cultures on synthetic 






Temperature relatJona to spori^ js^ermlnaticm aai growth 
22a® o"bJ6ct of this s®rl©« of experiratmts was to 
determine the range of tempteratur* within lAieh spore g#r* 
mination and growth were poasibldir and to determine the 
optiHoa temperature for the growth of the organ! 01a ♦ fhe 
series of temperatures was not altogether satisfactory ^for 
best results, but did fairly well for comparative ren^ts. 

Hanging drops were prepared tram spore suspensions 
in tap water and plaeed at the teiaperature given in the 
folltairing table* The cells were placed on slides and 
duflioates placed in petri dishes containing enou^ water 
to prevent drying out of the drops* !Ehe percentage of 
germination was estimated in e ach case by counting the 
p*20 geriainated and ungerminated spores in a number of fields 
of vision under the Hiiorospope, and then figuring the 
percentage of each froa thX& data* 

Table 1 gives the results of spore germination 
in tap water* 

l^ble 1 

Ko.of dish Time of Temperature Results 
incubation 
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2 n ft 
n n 
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A part of this spore suspension was placed in small 
vials and placed out in the snow to freesse. On© of these vials 
was taken in and placed at 36*>c. after two hours. At the end of 
kB hours there was about 1 per cent germination. The other vial 
was left in the snow for four hours at which tlm© it was frozen 
througjh. It was then placed at room temperature C21°0). At the 
end of kB hours there was no germination* The writer is unable 
to explain this result # as he has since that time had spores 
germinate after being left at imach lower temperatures and for 
p«21 a longer tiine. However, the latter were aa. the surface of a 
solid medium* Perhaps the process of freesing in^iired the 
spores mechanically and prevented gereaination. 

Spores germinate in tomato decoction about as readi- 
ly as they do in tap water # Hanging drops were prepared in the 
same way as with tap water. In this ease the gena tubes were 
measured, so far as pcssiblej» in order to get some idea of the 
relative rate of growth at the various temperatures* Table 2 
will show the time of incubation, temperatures , percentage of 
germination, and the average length of the germ tubes in oases 

where it was possible to make such measurements* 

Table 2 

Ho. Temperature Time ^ germination Av.length of germ tubes ' 

1 2** 0. 3 days 

2 llo II « » 



I 



1 5ii 

15 k^p. 



go n If t> 

12** " " " 25 ifOli 

«7 -^co » n n QQ Iionger 

8 16-1/2°" " *• 85 Not meas. still longer 

9 19-1/2 "^ " " 85+? Bearing conidia 
10 25'* '♦ 22-1/2 hrs. 90 ^9ky' 

U 27° •* 22*5 A " 90 692^1 

12 30** " 28 « kB Mot measured 

13 54** " 22-3A " 12 225tL 
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p. 22 'Kie above table shows in a relative way what 

temepratxiros are best for spore germination and growth. More 
accurate results might have been obtained had the time been 
the same for all measurements and percentage oalculatione. 
In numbers 7» 8# and 9 the germ tvibee were too long and 
entangled to measure. In nuiaber 9 ^^® percentage of ger* 
mination as given is probably not accurate # as the Mycelium 
was producing conidia at the time of measurements and there 
is a chance that some of the newly formed oonidia were His» 
taken for Old ungeiwinated ones* In the last four oultu3»e8 
of this series the time of incubation is very irregular* 
but is of some significance. Ihis irregularity is due to 
lack of time on the part of the author to give the desired 
attention to the work* The re stilts would have been of more 
value if higher temperatures had been available at the time 
of this experiment. The percentage of germination and growth 
wag greatly decreased at jlf® 0. This indicates that the 
maximum tempera tiire is not far above that point* Ihis is 
actually the case as spores failed to germinate on agar at 
56** €• The results of this table might be arranged in the 
form of a curve, or number of curves. A curve could be 
plotted for the per cent of gemination at any one time for 
the various temperatures. This curve would reach the 
temperature axis at about 5** 0. and 55** 0*$ having its 
highest point between the points represented by 23 and 30*0. 
A ctupve of this nature could be plotted for the length of 
genn tubes. Another curve might be plotted for time of 
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germination at the various temperatures. Using one axis for 
temperatures and the other for hours, the ourvo would X>& a 
reverse of the others with its lowest point at the point of 
p»25 optimum temperature for germination. 

One of the main difficulties met with in these 
spore germinatl<m tests waa the obtaining of luiiform spore 
suspensions. TiUhen the spores are massed together the per* 
centage of germination is very low at any temperature j> the 
larger per cent of the germination being around the edge 
of the inasa. There seems to be sc»ne tendency for the spores 
to ooae together in the hanging drop* 

An experiiaent was arranged to determine the theraial 
death point of spores* A wire basket was fitted in a boiler, 
so that it was well away from the bott<M and it® comers 
were the only parts in contact with the boiler. Tubes of 
a^r placed in this basket were kept from coming in contact 
with the metal of the boiler, which was filled with water 
and plaoed over the flame* Tubes of tomato agar were used* 
A thermoimeter was placed in t he basket with the tubes • As 
soon as the desired temperature was reached the tubes were 
inoculated with spores and the flaste regulated to keep the 
temperature constant* At the desired time the tubes were 
resaoved from the basket and placed at 27° 0. !l?able 5 will 
show the results of duplicated eocperlments* 
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P*2k Table 5 

~"" "■ ' III— ^.p .— —— .^.f— .^f^-— ^ m-TtimWttfrtiiMWiiMHinw .u ,n. . j i j- imui«-tL. M j ii M ii i ii i II 

No. Time heated Temperatiire Result e afteawar^a 

1 10 mla. 1^8*0, Growth 

2 " » li9 to 50**C* Growth 
" '• 50 to 51 °C. No growth 
» » 52 to 55**C. " " 

53 to 54°C# " " 



n » 

15 " 5i 



Table 3 shows that the thenaal death ipoiiatt of sporea 
of thia fungus la between 50 and 51**0« This experlawmt was re* 
peatedj> using tubes of sterile water Instead of agar. TOien the 
desired temperature was reached, a drop of spore suspension 
was plaoed In the tubes* After heating for the desired length 
of time the solution was poured over dishes of sterile tomato 
agar and incubated. Spores heated In water for 10 minutes at 
50*5 ^0 51«5**C. failed to germinate* It was suggested to the 
writer that the experiments with agar were Incorrect , as agar 
failed to heat up as fast as water* In order to test this 
one thermometer was placed in a tube of the agar so that the 
bulb would be Immersed in the islddle of the agar and the ther* 
mcmieter would not touch the tube at any place* This was done 
by pushing the the2%iometer through the middle of the 00 1 ton 
plug* Another tube was prepared In the same way except that 
the bulb of the thermometer was Just touching the surface of 
the ag^r. A third thermometer was plaoed in the basket with 
the tubes as In the first experiment* The heat was applied 
p«25 very alowly as In the experiment* The agar heated up somewhat 
slower than the surrounding water # there beltig from 1*5 to 



26 



2.5*C. difference when the uratep reached 51**0. The tempera* 
•fe-ur© of the e©nti»al portion of the agar was the loweet, when 
the teaaperatixre of the water was held eonetant for four adnutee 
all thermometers read the aame» When cooling down, the agar 
eooled slower In proportion, thae making tihe results of the 
experiment relatively accurate* 

!i!he reslstanee of sporea to ©old was also tested. 
TtilB waa dcaae by placing th^ii on the surface of agar slants 
and then placing the ttstoea In the snow* The first eet of 
tubes remained on the snow for 2k- hours. During the nigjit 
the temperature went to i|.**P. The tubes were brought to room 
temperature and in two daya the fungus was growing vigorously* 
TiiB fungus fruited in the noiroal manner* Another set of tubes 
was inoculated as before and plaeed out on snow over night, 
fhey remained out 17 hours. In this ease the temperature went 
to *»18**P« After placing at rocan temperature growth prooeeded 
in the normal way# !Bi®»e results indicate that the fungus is 
capable of surviving very low temperatu3?«iiit Two of the Qloeo- 
sporiums of t±be apple were plaeed under the same oonditicctsi 
in this experiment and survived as did the toiaato organism. 

Further studies were nmde on the growth and fruittog 
of the fungus at different teas#eratur©8 on a ntwraber of different 
media # For this eacperiiaait tomato agar, plain agar, oat agar, 
cooked tomato stems, aiM tisbm»meal ag^r were used, 'Bie differ- 
ence in medium did not alter the effects of temperature on the 
organism to a noticeable degree. Table k shows the relation 
of temperature to mycelial growth and fruiting and peritheoial 
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produotlon. These cultures were run for 22 days, except 
numbers 15, l6, and 17 which were run for a shorter time, 
but long enough for good results* 

Table k 

No* Temperature 



I 



0*1*C. 

1-2*"* 

6-1/2-7 ^C. 
10-1/2-11 °0« 

ii-i/a-12**" 

7 12-1/2-15-1/2 «0. 

8 114.-iIl-1/2°C. 

9 IS— 16*C 

10 16-1/2-17*0 • 

11 20-1/2-21-1/2*0. 

12 25*0. 
15 27*" 
Ik 50«»" 

15 5i^*" 

16 

17 
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In the above table, visible growth or peritheclal 
produotlon is represented toy the sign +• The numerals 
occurring with the plus si@as represent the relative amounts 
of growth and peritheclal production. Close observations 
p.27 were made every two days through most of the pex>iod of 
inoubaticm in order to determine these results. It was 
impossible to get anything more than relative results, and 
yet these serve our purpose fairly well in giving us some 
idea of the range of temperat-ures at which the o«'ganism 
will grow. 

Thinking that there might be some possibility of 
producing fertile peritheoia by varying the temperature. 
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th© writer placed the cultures grown in the above experiment 
at room tempemttire , for twelve da7a# At the end of tMs 
time all of the cultures which had been at low temperaturea 
were growing vigorously. Tb.ef were again plao^in their 
original plaoea in the liicubator and Uept there for twenty-* 
nine days, after which time they were plactd at room tempera* 
ture again* The peritheeial bodies were eaKaminod from time 
to tliH© but were fouRsi to be sterile In every oa»e# The aerie® 
of culturea on corn-meal agar were not treated in this manner # 
but were placed at room temperature for two day», then placed 
at 27 ®C. for five days* At the end of this time they were 
placed at 1**G. Examination showed that the peritheeial bodies 
were sterile. The temperatures employed seemed to have no 
affect in producing fertile peritheoia. 

Two tube cultures which were producing perltheeia 
and five germinating cultures Just inoculated with spores were 
placed in an incubator at 28®c., and the temperature was 
gradually raised^ through a period of six dif-a, to i|.6^C* 
The cultiwes remained at a temperature between l|i|.®0» ^ad ij.^^'C* 
for five days. They were then placed at room temperature 
and moistened with sterile pinme decoction. CSae of the 
cultures which had peritheoia formed put out new growth* but 
p.28 none of the cultures which were just getrolnated at the time 
the experiment was begun showed signs og growth. Perhaps it 
is the thick walled* rounded cells of the mycelium in the 
peritheeial bodies which serve to resist the high temperatures 
more than do the spores and young myeeliiw* 
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Phyalology In liquid mediiaa 

This ftmgus groiv0 vigorously in a liquid medium if the 
neeessary elements are euppliedj^ thus making it possible to 
determine the relatiire value of each of t he elements to growth 
and fruiting. The results given are to he considered as 
only relative, since time did not permit the carrying out of 
the desired number of offlafimiatory tests. Moreover* the 
compounds « containing the different elements used|» might not 
have been altogether satisfactory, although they were the 
best available under the present knowledge of plant ;^ysiology» 
Considerable worlc has been done with the mold fungi with quite 
notieeable results. It is possible, however, that some of the 
investigators used more refined methods than were used in 
this work. 

The neoeaaary elements 

A Standard nutrient solution was used as a basis for 
the experiment. This standard solution was made up from a 
number of stock solutions itolch were prepared by dissolving 
each reagent in its proportitmal amount of doubly distilled 
water. Tbese stock solutions were made up in the following 
proper ticms and of the reagents named t«> 

1,0 gr. KKO5 in 20 o.c. distilled H2O 
,5 « KH2P0||_ •*••»» " « 
R tgirf&nt u n It tf n 



•25 " MgSOj^ 
2.0 mg. FeOLj » h « » « 
5,0 " cane sugar in 20 o.e. " " 
The above solutions contain the following elements} 
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C, H, N, 0, S, P, K, Mg, Fe, and 01. The sugar solution was 
nbt prepared until ready for use. 

The Importance of any one element was determined by 
oimitting it from the solution and substituting for it a non- 
essential elenaent. The substitutions were as follows? 
Minus nitrogens 

For KUOx substitute KCl • 1 gr. in 20 cubic centi- 
meters distilled HgO* 
Minus potassiums 

For DJOa substitute HaHOa • 1 sr# ditto* 

For KHgPOj^ " NAHgPOj^ - l/2 gr. ditto. 
Minus phosphorous: 

For KHgPOr substitute KgSOi^ - l/2 gr* ditto. 
Minus magnesium t 

For MgSO|, substitute WaSO|, • l/lj. gr. ditto. 
Minus sulphur: 

For MgSOjL substitute MgCLg - XA\- gr. ditto. 
Minus iron: 

For FeCLx substitute NaOL * 2 lag* ditto* 
Minus carbon: 

For carbon nothing was substituted|i only distilled 

water added. 

A series of cultxires were set up in duplicate j| using 
125 cubic centimeter flasks with 50 cubic centimeters of 
solution in each flask* Solutions were sterilized before 
p,50 inoculating. The flasks were inoculated with equal volumes 
of a uniforsa spore suspension and allowed to incubate at 
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poom tempera turo in the dark for two we©k«. Hotea were t&k&a. 
ev«ry few day* on growth and fruit lne# At the ©nd of two 
weeks dry weights of the Amgas were determined. Table 5 
shows the dry weights of the different cultures. It will 
also show the element or elements left out of each culture. 

Table 5 



No. 



Minus element 



Weight of A 



Weight of B 



1 


All eleinenta 


1 but HoO 
(eheokj 








2 


All present 


.723 gr. 


.819 gr. 


I 


Mitrogea 




.192 •» 
.505 » 


.18^ « 
.234 " 


Potassium 






Fhosphorus 




.212 » 


Lost " 


s 


Magnesium 




.529 « 


•1|.53 « 


I 


Sulphur 




.285 " 


.m " 


Iron 




.603 •» 


.581 " 


9 


Carbon 










10 


All mineral 


elements 


Very slight 


Very slight 



The above table shows that each element of t±ie 
standard nutrient solution is more or less important as the 
dry wei^ts in a full nutrient solution are the greatest in 
the table. The dry weights correspond very closely with 
notes on observations of growth. The table does not show 
the amount of fruiting in the cultures. The heaviest pro* 
p. 31 dTAOtioa of conidia was in the full nutrient solution. In 
cultures without nitrogen and phosphorus there was no 
fruiting. Where magnesium was absent p^rithecial bodies 
were produced in abundance* but these were sterile as usual. 
The absence of potassium, sulphur* and ir«m did not material- 
ly affeet the fruiting as far as it was possible to observe. 
It was somewhat less than in the full nutrient solution* 
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Large numbers of ohlamydospores were produoed in all cultures 
where growth was appreciable. 

Toxicity of copper sulpha te in the 
presence of organic oora p o \ua<i» 
Three seta of cultures were set up containing carbon 
impplled as, (a) k grama corn ataroh, (b) k. grama sucrose, and 
(e) k grams peptone per 100 cubic centimeters* Ct^pper sulphate 
was added to all three series alike. The following strengths 
were usedj m/250| ni/^OOj mAooOj m/2000t mAOO^ a»<3l m/BOOO, 
After sterilization, these solutions were inoculated as In 
the previous experiaent and incubated at room temperature la 
the dark for three weeks. In the solutions containing 
peptone, OuSOk was not toxic with the strengths used* In 
solution with carbon supplied In the form of sucrose there 
was very little growth in mAoOO CuSO|, and no growth in 
m/250 and m/500. With carbon supplied as com starch, jn/500 
OuSO]^ was slightly toxic, and m/250 prevented a visible 
growth for two weeks. These results show CusOl to be more 
toxic in sucrose solutions than la com starch solutions, 
and more tCKicic la the presence of com starch than in the 
presence of peptone. In another series of cultures with 
CuSOk the writer found weaker solutions, mA^OOO and 
p.52 m/^2000, to be slightly stimulating to mycelial growth and 
more so to oonldlal and perltheoial production* These 
cultures were prepared with the ordinary full nutrient 
solution with the addition of the CuSO|,« 
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Aoldlty and aXhmllnlty 

For thla experiment the nutrient solution was 
neutralized to phenoljdkithalelii, placed in flasks and 
sterlliaed. After sterilliatloii aA HGl or n/l NaOH was 
added to make the solutloeti aeid or alkaline as was desired. 
The aeidlty and alkalinity was adjusted to Puller's scale. 
Care was taken to add the acid and alkali under aseptic 
ocaaditlons, lliis experiment was also carried out with 
oat^meal agar as a medluia. After Inoubatlng at rocaa 
temperature for ten days growth was very slight at both 
plus and minUB 50 Puller's scale. The range of growth 
was found to lie between +ij.O and •l+.O Puller's slSi|ll»» The 
growth at -JO was slightly better than at '♦•jO, Growth was 
best In a sli^tly acid medium (+5 to 10), 

Influene e of nutrition on s ecretion of enzyme 

Most fungi are able to utilize a number of organic 
oozapouads as a source of carbosi* The higher compounds suoh 
as starch must first b© digested. The enzyme diastase has 
been found to acooMpllsh the starch digestion* The fungus 
must secrete this enzyme in order to digest the starch* 

To show the effect of different amounts of sucrose 
on the production of diastase a series of cultures were set 
up in which the sucrose In the standard nutrient solution 
was replaced by ,25 grams of corn stared per 100 cubic centi- 
meters of solution, Ihe starch was dissolved thoroughly by 
p,55 heating. Two series of flasks were prepared, A and B and 
sucrose added as follows t 
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To Ho. 1 of A and B * 0*0 gm» 
» " 2 « « » « - 0.1 " 

B If 5 B W If tl ^ 1,0 » 

M « 1^^ « » a » • 2.5 " 

H » c BM It rt^ c^O » 
II « ^ B » H « ^ 10,0 " 

These solutions were sterlliged and inoculated as 
previously mentioned. Series A was placed at room tempera- 
tur© and series B at 50®C. After ten dajn, portions of each 
solutloQ were tested for stareh with potassium iodide iodine 
solution. The stareh was disappearing in the soluti<ms where 
sugar was not added. It was being used faster at 30°Gm than 
at room temperature. After twenty daya the stareh was entire* 
ly used up in 1 A« 1 and 2 B« and was deere&slng in the 
cultures following these in the series. This shows that as 
Ions as the fungus can get its carbon in readily available 
form, as su^r, it does not secrete the enayoie diastase} 
but when the sugar disappears, and it becomes necessary to 
digest the starch In order to sectire carbcsa, the enzjtm is 
secreted. This fungus, however, needs very little carbcai 
for growth as compared with Aspergillus niaer . The time re* 
quired for the latter to digest the starch was loss than 
half the time required by Gloeosporlum phomoides . 

Results of inoculat ion and mode of penetratjcai 

Inoculations were first made on flcked fruits In 
the laboratory. In e ach case the surface of the fruits was 
sterilized with mercuric chloride solution (I^IOOO) and 
p. 3k washed with sterile water before inoculating. They were kept 
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in moist chambers at room tempera t-xr-e after inoculation* The 

following table will show the results of Inoculations in the 

laboratory. 

Table 6 



Date 


Ho. 


of 


Kind of fruit 


Method of 


Results 




fruits 




inoculation 




Oct .26 


5 




Ripe tomatoes 


Needle prick 


Typical infection 
on all fruits. 


Kov.lO 


2 




Apples 


He ©die prick 


Brown, sunken areas 
on both fruits 
with black aeervuli. 


Hov.27 


2 




Green peppers 


Heedle prick 


|»erf®et Infection. 


Dee.l9 


6 




Ripe tomatoes 


Needle prick 


Perfect infection. 


Dec, 19 


6 




Ripe toraatoes 


Spray 


1 fruits infected. 


Doe .29 


8 




Ripe tomatoes 


Spray 
Heedle prick 


4 fruits infected. 


Dec. 29 


k 




Ripe tomatoes 


All inoculations 












successful. 



The above table shows that when spores are Intro* 
duoed into the tissues of the fruits Infection is almost certain 
under these special conditions, inoculations by spray were not 
so successful. Microscopic examination showed that tomato fruits 
when kept in the moist chamber for several days I:iad small cracks 
In the cuticle and epidermis. Ttxe infections on the sprayed 
fruits were not visible for a nt«Mj©r of days, five days being 
the Bilnlrawa* The fungus can easily get in after cracks occur 
in the opidenals. This is the case with ripe fruits kept 
under very moist conditions this length of time. 

The larger part of the inoculation work was done 
p,55 on fruits on the plants In the greenhouse. The writer feels that 
very little ©aiiflmsls should be placed on results obtained from 
inoculations on picked fruits placed In a moist chamber. The 
fruits are far from being in their normal eondltlcm^^ and be- 
sides « almost any organism that will grow on culture media is 
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able to grow on a ripe tomato tinder eueh conditions. For this 
reason few Inoculation experiuients were carried on In the 
laboratory. 

In order to bring out the results of the inoculations 
on plants more clearly, the results were arranged in the form 
of a table as given below (table 7)« Inoculations were made on 
all parts of the plant, above ground namely, stems, leaves, 
blossoms, and fruit. In most eases where fruits were inoculated 
by spraying with a spore suspension, they were wrapped with 
moist cotton for one to two days to keep the sxirfaee moist until 
the spores had time to germinate. In this case results were no 
better than where the moist cotton was not usedn ^^ praotioally 
no restlts were obtained from spray inoculations. The tempera- 
ture of the greenhouse was below the optimum temperature for 
growth of the organism and the moist cotton made the tempera* 

ture around the fruit still lower. 

Table 7 



Date 




Part of plant 


If ©.inoc- 


Method of 


Kesults 






inoculated 


ulated 


inoculation 




Deo. 


21 


Stems 


10 


Needle pricJfc 


Ho infection 


n 


tt 


Green fruits 


10 


?i » 


All Infected 


tf 


ft 


Leaves 


5 


w w 


No infection 


O'an. 


16 


Green fruits 


5 


Spraying 


H n 


n 


tt 


Blossoms 




« 


5 Infected 


»f 


n 


Green fruits 


b 


Needle prick 


All Infected 


Jan. 


21 


n N 


5 


Spraying 


1 fruit infected i 


ti 


(t 


Ripe fruits 


2 


Spraying 


No infection 


Feb. 


1 


It n 


5 


» 


n R 


« 


6 


n H 


5 


Needle prlok 


All infected 


« 


15 


Green fruits 


12 


Spraying 


Ho infection 


tt 


25 


n n 


7 


Slight needle 
prick 


fruits infected 


w 


25 


Blossoms 


9 


Spraying 


5 infected 


l.2ar. 


15 


Green fruits 


15 


Pricked and 
sprayed 


All infected 


n 


18 


Green and ripe 
fruits 


ik 


Heedle prick 


!» It 
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The above table points to the fact that the fungus 
is largely a wound, parasite. Ihls was further proved by the 
inoculations made by spraying a spore suspension on fruits 
which were very lightly pricked with a sharp pointed needle. 
Infection was obtained in each case but the fungus grew very 
slowly. !lhe growth was more rapid in deeper woiuids. In no 
case did the fungus attack leaves and stems of the tomato 
plant. Numerous Inoculations were made by spraying a spore 
suspension on leaves and a terns » but no infection was observed, 
p. 57 ^ii® fungus is capable of infecting the blossoms when spores 
are sprayed in after the blossoms open. 

The mode of penetration of the organism has been 
mentioned above to aome extent. The main mode of entrance 
seems to be through wounds or eame form of opening In the 
epidermis of the fruit # The tomato fruit has no lenticels 
in its epidermis^ but has cracks in the cuticle which Groth 
(91 has described as follows: "All tomato skins contain 
single epidermal cells or patches of cells » usiially smaller 
than the average, which appear brown and show distortion or 
abnormal thickening. !0iey are caused by interference with 
the growth of cells. In almost all cases the cuticle and 
cuticular thickening above one or more of the cells were 
found cracked, and often germinating spores of molds were 
foiind in them. Where no spores entered, the wound seemed 
to have healed, but the cells had not expanded subsequently 
at the rate of the no3»al adjoining cells. In parts recently 
affected the contents of one or more cells were browned and 
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changed from th© normal 'mouoXar struoture into a brovm miss 
containing oil globules and sometimeei oryatala not found in 
normal cello nearby* The radius of traneformation of th© cell 
contents extended at times over about ten cells. Hair bases 
trma. which the hairs are broken off are often browned in that 
way." In studying the tomato skins the writer found openings 
which fit the above description by Groth, Under favorable 
conditions^ the fungus » no doubt » enters through these op«aiings» 
Green fruits sterilized as mentioned above and placed in a 
moist chamber were Sprayed with a spore suspension !> covered 
p. 58 with moist cotton and incubated at 27*0. In two days there 
was a russeting of the surface of the fruits* Microscopic 
examiimtion showed that these vei^- small brown areas were 
due to the browning of c ells beneath minute rifts in the 
cuticle and in some cases in the epidermis. The writer was 
able to find the iHycelium entering the tissue of the fruits 
through these opcmings* !i:his slij^t russeting effect on tomato 
fruits is noticeable near the stem end of toiaato fruits after 
warm muggy weather. Th® temperature and humidity which gives 
best conditions for this cracking of fruits is most favorable 
for the growth of the fungus. It is quite probable that a large 
percentage of Infections in the field are brought about by these 
conditiCKns. The ripening season for tomatoes is usually a 
season of high temperatue and is quite often humid« depending 
to sGHne extent on th© location. 

The fungus penetrates the flowers through the stigma 
and probably through the nectaries. The stig»» tuoms black and 
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the Infection gradually extends down Into the o'mvieB, In 
case of young aeedlings the fungus can enter without any wound 
at all. It seems to be ahle to penetz>at6 any part of the 
seedling. To determine the latt©i^ seeds from infected fruits 
were planted on ajoist, sterile filter paper in test tubes. 
The seeds gei^nated and started growth vigorously » but as 
soon as the fungus began to develop it attacli^d the young 
seedlings and oaiuied a disintegnstion lilce the damping off 
fungi. 

Relation of fungus to host » 
The fungus is largely intereellular in new infections 
but becomes intracellular in the later stages* The invasi<m is 
p*59 ^^^ ocsifined to the superficial parts « and laay penetrate all 

parts of the fruit ♦ Yowag fruits, about one half inch In dia- 
loeter and less offer a resistance to the growth of the fungus 
when inoculated. Growth begins as vigorously as on larger 
fruits^ but is checked in a few days. Th9 wound seems to heal 
and the fruit grows to maturity. After ripening the fungus was 
able in most cases to begin growth again from i&e old spot and 
destroy the fruit » A stiidy of sections through these spots 
where fungal growth was checked showed that there was a rapid 
cell division in the host tissue surrounding the infected area. 
%ere was a great increase In nuatber of oells^i the cells being 
inuch smaller than normal. Mot only were the cells smaller and 
more niimerous but the walls were thickeaaed* IMs thickening 
was found to be suberln by testing with potassium hydroxide 
which gives a yellow color, and with saffranln which gives a 
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red color with sutoerln. suffranln also giws a red color 
with ligain and eutin, but we should not expect to find these 
in the inner part of the tomato fruita. This stimulation to 
production of cork by the host tissue was a means of holding 
the fungus in checlc. ^^-^ 

The cell ocmtent of the young frtxit probably plays 
some part» or a large part« in checking the advance of the 
fungus in the tissues. It is hardly probable that the acid 
content plays any great i^art in these results as there is 
not a great difference in the acid oont«at of green and ripe 
fruits* Furthermore f the higher acid content is in the ripe 
fruits. Thewiter found the juice of fruits half grown to 
be i^O and the juice of ripe fruits to be +80 Puller »s scale. 
lliese results eorresp<md fairly well with those of Cook and 
p»4o Taubenhaus (6). Their analysis of the tomato fruit is as 
follows I 

Table 8 

Condition oxidizing power Acidity Sugar 
of fruit of enzjme 

Green 5 .29 2 086 

Green ^«o .48 2*86 

Mature 2.3 .5§ 2.77 

Half ripe .9 •7? 2.9I 

Ripe 14 •>§ 5«02 

Ripe* .6 .58 2.05 

«E^pt a few days after picking. 

TblB table shows that the oxidizing power of the 
enzymes decreases « while the acid increases » and the sugar 
remains almost constant while the fruit passes frcm the early 
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stages to laaturlty and ripening* Since th© fungus grows best 
on a medium of very low acidity it la not likely that th© in«- 

i 1/ 

crease in acidity enables the organism to grow on the older 
fruits while its growth is checked on very youns fruits. Kiere 
seems to be more correlation between t^e oxidizing power of 
the enzymes and growth than between the amount of acld# or 
sugar and growth. IJuring the i^pld growing period of the 
fruit when the oxidizing power of the enzymes is high, th© 
tissue readily responds to stimuli by wound or invasion of 
fungi and, by rapid cell division and suberizatlon of ©ell 
walls ^ is able to form a protection* 
P.Ul Disse mination 

WW— II ■» — ■— *W1III l| [ II Willi Ml— «WMM— 

On& method by which the fungus is disseminated is 
by means of spores and perhaps by bits of mycelium carried ' 
on seeds from diseased fruits. !2!he author was able to show 
this by taking seeds from infected fruits, keeping Intern dry 
for over five months and then germinating the seeds on sterile, 
moist filter paper in test tubes. The fiangus killed the 
young seedlings in each case (8) where the seeds were not 
treated to kill the ftingus (see Plate II). Infected seeds 
when treated with blehloride of mercury (1-1000) for 1 to 
5 minutes germinated and grew nicely. !Ihis la sufficient 
proof that the fusgaa is carried on the surface of the seeds. 
The spores may also be carried by wind, insects, wat<ir,-^and 
other agencies*, although this has not been dem<mstrated. The 
spores are often superficial on infections and seem to be 
very easily rubbed off. 
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Control measurea 
Cobb (5) gives th© following control measures for 
the "pimply rot" of the tomato which Is perhaps the same 
diseases* 

1. "Destroy affected tomatoes by fire, Suoh are 
worthless and only serve to spread the disease* 

2. Avoid seed from all plants which have ahowi the 
disease* 

5. Support the toanato vines on a high trellis work. 
G3aough this dtes not absolutely prevent disease it helps to 
keep the growth hardy, lets in more air and gnw.llght, and 
ensures a better orop» 

Xf this disease has been severe on a pieee of ground 
devoted to tomatoes « remove the toniatoes next season to ground 
as far distant as praetioable^^ and preferably higher ground* 
p«ll2 5» See that land is well drained* 

6. It is barely possible that spraying with Borden^ 
mixture once in ten days fr<Ma the time of blossoadng will pre- 
vent this disease." 

Hals ted (11) found Bordeaiax mixtur© to be the moat 
satisfactory spray for the control of the disease^ yet it was 
very inefficient* The measures as given by Cobb would^ no 
doubt, be fairly satisfactory. 

The disease, being largely a disease of ripe fruits i 
would likely spread very rapidly if diseased fruits were intro- 
duced into shl|»Bents. The decaying fruits might drip and, 
thereby, spread the disease to other fruits near by. Fruits 
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packud for shipping would likely be wounded more than before 
picking and would be more easily infected. If the fruits are 
kept at a temperature of about lil**P. after picking there can 
be no chance for the fungus to grow as it fails to grow at a 
temperature this lo?/* Olils can be accomplished by placing in 
cold storage until ready for use, and, when shipping by using 
refrigerator cars with a t«Map6rature scaaewhere near kl°F» _^r-^ 

Since the fungus is oarried on the surface and not \ 
in the interior of the seed, a seed treatment becomes important, 
Iiamerse the seed In a solution of mercuric chloride (1-1000) 
for a period of three to five minutes, remove and wash with 
water. This treatment is sufficient to kill all traces of 
the fungus and does not injure the seed, Pu»*her experiments 
on seed treatment are to be carried out later, ^ 

It mi^t bo well to raentitm the possibility of resist '■' 
p,i}.5 *sufit varieties as a means of control. Ko experimental work 

has been done along this line up to this time, but it would be 
an Important problem to consider, --^ 

IviELANCONIUM SPECIES 
Occurrence and eeonomio importance 

Tlae only known instance of the occurrence of the 
disease was in the Unl-«erslty horticultural greenhouse, 
Fadiscn, V/isconsln, The disease was first observed in 
January, 1915 • About 20% of the fruits In ohe section of 
the greenhouse were more or less Infected, The disease 
occurs em. fruits of all ages, and Is more destructive than 
the Gloeosporium type of anthraonose when it enters through 
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wounds, ^^wuld thia disease beoome widesprendj^ it would likely 
bo of considerable economic importance. It iS|, at leasts 
capable of considerable destruction in the greenhouse. 

SpKptores 

Ihe disease ffrat becomes visible on green fruits 
as irregulai* brownish spots. Later they become darker in 
color and finally black. Surrounding the spots, in some 
oases, there are sunken areas, or slight indentations. The 
spots are very small, seldom reaching an eighth of an inch 
across* The skin of the ripe fruit ma.j look a little yellow- 
ish around the spot but it usually has the normal color* The 
line of demarcation between normal and diseased tissue is 
sharp. The spots may be numerous on the fruits, occurring on 
fruits of all sizes, both green and ripe. The central portion 
of the spot is slightly raised above the surrounding sunken 
area in some instances. The diseased tissue Is of a tough 
j?J^ corky consistency. The spots which occur independent of 

woimds are ocxnfined to the superficial layers of the fruit. 

The symptoms of the disease when produced by wound 
infection, ar© considerably different. Sunken areas are pro- 
duced which are light to dark brown on mature and ripe fruits 
and black <wi young fruits. One spot may involve the entire 
side of a fruit. There is a distinct zonation in most oases, 
the sonatltai rings being of a darker color than the disease*^ 
area in general. After the spots are ten to twelve days old, 
yellowish specks or acorvull can be seen beneath the epidermis. 
These push throu^ the epidermis and cuticle in the form of 
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an erumpent mass of whitish mycelium, which produces a black 
mass of spores. Spore masses are alao prs^uced in the carpel 
cavities of the fruit. 

The causal organlsM i, Melanconlum up, 
DeBorli>tlon 

The mycelium of the fungus is white, branching , and, 
septate, !I!he diaxoeiBr of the hyphae is fairly uniform, being 
about 5 microns. The eonidlophores are short, lanbranched^ 
hyaline, closely ocmpacted together in an upright totm, pro- 
ducing an aoervulus. They arise from a definite basal stratoa 
and produce spores singly at the apex. Conldia are one«>celled, 
cylindrical with rounded apices, light green when single and 
black in mass, 2 to i|. x 7 to 10 microns, the average being 
about ^ X B microns. They also transmit the light. Spores 
placed in hanging drops of tomato decoction at 25* and 27**0. 
germinated perfectly in a few hours. 

The fact ti-iat the spores of the organism transmit 
light might cast some doubt on Its being properly placed in 
the genus Melanoonlum. There seems to be no sharp line of 
distinction at this point. Since the spores of the fungus 
are colored and it agrees with the genua Melanooni'uffl more 
closely than with any other genus, in regard to other 
characters, the W2*iter has placed it with the Melanconiums. 

OomparlsoBa with literature 

The species of Melanconituos described so far have been 
largely saproiAiytie. sacoardo described more than. II)Ci species 
which were, for the most part# saprophytic on the bark of 
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forest treea. The writer ha» not been able to find any report 
of Melanoonima &n tomatoee. The funguip however » fits the 
deseription of the genus as given by Saooardo^ Stevens » Engler 
and Prantl, and others fairly well* 

Isolati caa and c ultural eharacteriatioa 

The organism was Isolated by the frag^oent culture 
method* The surfaoe of the fruits were sterilized with 
merourie chloride soluti<m (1«>1000) and washed in sterile 
water. The spots were thmx cut out under aseptio coaaditions 
and plaoed in sterile dishes of oat agar^ and incubated at 
room temperature* The fungus is rather hard to isolate from 
the superficial type of spot* 

The characters of the mycelial growth of this fungus 
are practically the same on all oulttire media used* The mycel** 
ium is superficial* white »and very profuse* On corn-meal agar* 
however f it becomes a greenish gray with age* The fungus fails 
to produce the black spore masses on potato agar* On tomato « 
pj|^ oat* and com-meal agar the spore production is about the same* 
The spores are produced in disk like masses which are very black 
and have a glistening « moist appearance* ¥ery young spore** 
masses are a deep grass«>green in color* The mycelium seemed 
to hold its tmiform diameter on all media used* 

InooulatiCTi experiments 

Inoculations with Melanconium were confined entirely 
to fruits on plants in the greenhouse* The methods used were* 

(a) spraying a spore stispenslon an. the uninjured fruits and 

(b) inserting spores by needle puncture* Some of the fruits 
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were wrapped with aolet cotton after spraying. The oottcm 
was removed after one to two dayi* Results frost inooulat lone 
where fruits were wrapped were ijetter than where they were 
not wrapped. The resulte of inooulatlona with Melanconlwsi 
are given in table $m 

Table 9 



il«WiWiiiii r «ii|lliii 



Date of in* Fruits in* Method of iaoeulation Results 
ooulati^o. OGulated 



tTan* 


16 


5 green 


Needle priok 


All infected 


n 


if 


5 tt 


Spraying 


No infection 


n 


21 


5 mature 


f» 


1 fmiit infected 


Feb 


. 6 


7 green 


Needle priok 


All infected 


» 


13 


12 •» 


Spraying 


k. infected 


Mar. 


2 


2 « 


Prieked and sprayed 


All infected 


« 


18 


10 green to 


Needle priok 


All Infected 


R 




inattire 






ft 


27 


9 green 


Sprayed 


k. infected* Stem 
of 1 fruit attaotod 


Apr. 


5 


12 green 


Sprayed 


1 infected 



The above table shows that the fungus grows very 

readi),y on tomato fruits when introduced by wounds* It is 

also able to attack fruits which are apparently uninjured. 

In one casej^ as noted in the tablet the stem of one fruit 

was attacked and destroyed to the extent that tdie fruit fell 

from the plant. After the fruit had fallen^ perfeot fruiting 

bodies of the fungus developed on the attacked parts. Xn 
^fj»ry case i»here infection occurred from spraying, the fruits 

were wrapped with moist cotton after inooulaticm. The results 

obtained show the fungus to be a more destructive disease to 

the tomato than Gloeosporium* 

Relation of fimgus to host 

Fruits of all ages are attacked. Young fruits are 
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not capable of checking the growth of the ftmgua when It ia 
introduced b^ voimds, as was the case with aloeoeporium» 
J. 0* Walker« n^ile working with onion diaeases in thia 
laboratory, found a ftingus which ia morphologically identioal 
with thia fungua, but» when green toxaatoea were inoculated 
with it, the invasion was checked in a few days by a cork 
layer vdiich was laid down around the infected tisaue. Thia 
ahowa that the fruit makes an effort to check invasion by 
cell division and cork formation, but, in the caa® of the 
tomato Melanccmium, the invaaicn waa too rapid to be held 
in cheek by this proceas* 'Die layceliua within the tiasue 
ia largely intracellular* The amall mycelial threada form 
a net«work within the oella of the fruit a. The l^mgna ia 
largely superficial, being confined to a few layera of cells 
when infectiona take place without wounda} but when infection 
ia through a wotind the entire fruit may be invaded.* 
P • h-Q White fliea aa earriera of the funffiia 

One noticeable feature in the greenhouae where the 
diseaae waa found occurring waa the abundance of white fliea. 
It occurred to the author that theae fliea were probably 
carrying the aporea of the fungua from plant to plant* iKiere 
ia no reaaon why thia ahould not be the caae aa the aoervuli 
break through the cuticle and the apor^ are borne in abundance 
and are very eaaily detached* During the experimental work 
the white fliea got into the greenhouae. After they had been 
in the houae for aeveral daya, infectiona of Melanconiiam, with 
ita black apore maaaea on fruita which had been inoculated with 
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Gloeosporltun were foimd# It Is quit© probable that the flies 
visited the fresh wounds for food after visiting fruits on 
other plants which had spores of Melanoonlim produced on them. 
The fact that the spores are borne in an exposed manner and 
in such large numbers would seem to malra it possible for them 
to be disseminated in a large nuooiber of ways* 

Possible control measures 

iwwa.i wu iii* — '^'■■ ■ ^ " •■ii r fcB. n wiWi wi ■ ■iiiiwiiii HU BwwWiW awn m i mm. mr-mmmit 

1* A large part of the source of infection maj be 
destroyed by sanitation* Fiok and bum or bury all infected 
fruits. 

2. In case the disease becomes important in the 
field rotation of crops would^ no doubt « be of value* This 
would also hold true for greenhouse crops* Plant something 
instead of tomatoes where infection occurred the preiabus year* 

3* Control the white fly as it Is a serious pe8t« 
even if it carries no fungus* 

if.. Spray meastires might be used as a means of 

oantrol* 
p,i^.9 SUMMARY 

1. Tomato anthracnoses are largely diseases of the 
fruit • Gloeosporium phomoldes has been found to attack blossoms 
and young seedlinge* 

2* The causal organisms are GloeosporixM phomoldes 
Saoe*# Collet otriohum ly coper sici Ohes., and Melanconium sp* 
The main difference between Gloeosporium and Oolletotrichum 
is the absence of setae in the fosnner* The types of disease 
produoed by the two are practically the earn** Melancoxxium and 
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the typo of imthraonose produe®d toy It oan be easily 
dlstingulahed frowth© other typ«li of toimto aathpnonos© 
toy the tolaok spore masses. 

3» T<«amto anthraonone in widfly dlatrltouted 
throughout the United States and ha« been reported in Bir©p«. 
The disease is of minor importance tooaemieallyt tout has 
toeen reported as increasing in eoonomie importance in 
Indiana. 

k^ The disease is oharaoterieed toy stuiken areas 
on the fruit vhieh are torown to tolaok and dotted with 
fruitixig pustules* 

5* Qloeosporiua presents different eharaoteriaties 
of growth and fruiting <9n different ouXturs i^dia. 

6« The range of tenperaturft for spore germination 
and growth of Gloeosporium lies toetweon 4* and 57**^*^ the 
optimua toeing about Zf^'C* 

7. These fungi enter the fruits aminly through 
wounds or other openings in the skin* They are tooth inter 
and intraoelluXar in tihe tissues. 

8. Gloeosporium is carried on seeds from diseased 
p,50 fruits. It umy toe disseminated toy other agencies. Melanconium 

BOiy toe di8Si»ainated toy white flies. This fungus has toeen found 
in the greenhouse only and would not toe carried far toy wind 
and water \mder these conditions. 

9. ftm anthraoaose diseases may toe controlled toy^ 
(a) sanitation, (to) rotation of crops t(c) spraying (doubtful), 
(d) cold storage«(e} seed treatment, and (f Jresistant varie«> 
ties (possitoly). 
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Anthracnose produeed by Glotospoyitm 
ph<«aiol<l€>« Saoc. on gx>®en tc^nato fruits. I&oeu<» 
la ted artificially by aeedXe prlek. 
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A* seed fT<m Infected frwit kept dry fl'^re ia<mth» 
and getraln&ted on i^m sterile filter pajier witiiotit treat* 
ment to Mil the fungtts* Notio© the blaok p©rith®elal 
bodies of Gloeosporitaa ^^onold^g j, aiid th® death of th© s©0d« 
lings whleh the fungua has eaus©d» 

B* Seeds from the saHje aoiirc© treated three min- 
utes with HgCl^ solution (1*1000) # These seedlings remained 
free from th© organism. 
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Me3.ano<ml«m ap. as found ooaurrlng 
n&tapBUjf cm tomato fruits* In thia ease the 
fruits were still green* 
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Anthrac2io»e of tcraato fruit » produeed toy 
artificial (needle prlolc) inooulatloni with Melaaoonluff sp. 
Til© pfaotograph was vm&® nine <lays af tea? inooulatioa. 
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L, R, Jones 



Sept* 20, 1915* 



